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ABSTRACT 
Car crashes are a major cause of death and serious injury to children but most analyses 
of risk are based on US data.  The Australian context is different in at least three ways: 
1. the proportion of passenger-side airbags, a potential risk to children in front seats, is 
much lower; 2. unlike in the US, Australian airbags are designed to work with 
restrained passengers; 3. restraint use for children 0-12 years is high (>90%).  Official 
data drawn from Victorian crash records (n= 30 631) were used to calculate relative 
risks of death or serious injury for children (0-3 years, 4-7 years; 8-12 years) traveling 
in passenger cars during 1993-1998 and 1999-2004.  Over 90% were reportedly wearing 
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a restraint, and 20% were travelling in the front seat.  For children under 4 years 
traveling in the front seat, the relative risk of death was twice as great as when traveling 
in the rear, and that of serious injury was 60% greater.  The relative risk of death whilst 
traveling in the front seat was almost four times greater for children aged under one 
year.  We suggest that serious consideration should be given to mandating rear seating 
for children, particularly those aged 4 and under. 
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Rear seat safer: Seating Position, Restraint Use and Injuries in Children in 
Traffic Crashes in Victoria, Australia 
 
1. Introduction 
World-wide, car crashes are responsible for many child deaths and serious 
injuries.  Consequently, considerable effort goes into devising methods to improve the 
safety of child passengers.  These have included the development of child-specific car 
restraints, education, mass media advertising programs that encourage the use of 
restraints, and legislation governing children’s travel in cars.   
A number of studies in the past 10 years have estimated the risks of death and 
serious injury associated with aspects of car travel for children and attempted to shed 
light on those factors that might improve children’s protection in vehicles.  First and 
foremost, these studies have established that restraint use substantially reduces the risk 
of injury and death for child passengers involved in crashes (Berg, Cook, Corneli, 
Vernon & Dean, 2000; Braver, Whitfield & Ferguson, 1998; Durbin, Chen, Smith, 
Elliott & Winston, 2005; Smith & Cummings, 2004, 2006; Starnes, 2005).   
While use of any restraint results in better protection than no restraint, child-
specific, size-appropriate restraints confer even greater benefits than adult seat belts for 
children.  For young children (aged under 4 years), forward-facing child restraint 
systems reduce the risk of serious injury in crashes by more than 70% in comparison to 
adult seat belts (Arbogast, Durbin, Cornejo, Kallan & Winston, 2004).  Belt-positioning 
booster seats, suitable for children aged 4-7 years (approximately) provide around 50% 
greater protection to the children wearing them than do adult seat belts (Durbin, Elliott 
& Winston, 2003).  The effectiveness of restraints suitable for infants has only been 
calculated in comparison to unrestrained infants (NHTSA, 1996).  Lastly, for children 
aged 12 years and under, rear seating has been shown to be protective regardless of 
restraint use, though the risks appear to be interactive such that children restrained in the 
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rear seat are at the lowest risk (Braver et al, 1998; Durbin et al, 2005; Smith & 
Cummings, 2006).   
However, these studies have all been based on US figures drawn from large data 
bases such as the Fatality Analysis Reporting Systems, the National Automotive 
Sampling System or the General Estimates System and there are substantial differences 
with the Australian context for children’s car travel.  For instance, passenger front 
airbags, which pose a threat to children seated in the path of deployment (Durbin, et al., 
2003; Glass, Segui-Gomez & Graham, 2000; Olson, Cummings & Rivara, 2006) and 
were mandated for new passenger vehicles sold on the US market from 1998, were 
never mandated in Australia.  As a result, it is estimated that around 63% of the US 
passenger fleet in 2001 was equipped with passenger front airbags (calculated from 
NHTSA, 2005), compared to estimates of around 30% of Australian fleet (M. Fitzharris, 
pers comm., June 2006).  In addition, the passenger airbags fitted to Australian vehicles 
are less injurious to passengers.  They are designed as supplementary restraint systems, 
intended to operate in conjunction with restrained passengers.  As such, they fire at 
lower speeds and later delays than the more aggressive ‘first generation’ style of bag 
fitted to US vehicles prior to 1998 (Fitzharris, Fildes, Newstead & Logan, 2004; FORS, 
1996; Olson et al, 2006), which makes them less likely to cause injury.  Moreover, there 
have been no reports of a child injured or killed by a passenger airbag in Australia, 
whereas in the US, though the numbers have fallen off dramatically in recent years, 169 
child deaths have been attributed to injuries from an airbag since 1992 (NHTSA, 2006), 
and one study has shown the risk of injury to passenger airbag-exposed children to be 
over five times that of children not so exposed (Durbin et al., 2003).   
Another difference between the two countries is that all car passengers in 
Australia are required to use an approved restraint.  Observational studies indicate that 
compliance is high among both drivers (>97%) and children aged 0-12 years (>90%) 
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(Brown, Bilston, McCaskill, & Henderson, 2005; Charlton, Koppel, Fitzharris, Congiu 
& Fildes, 2006; Lennon, 2005; VicRoads, 2003; Whelan, Diamantopoulou, Senserrick 
& Cameron, 2003) in comparison to the US where overall rates are about 82% for 
children under 8 years old (NHTSA, 2004) and fall off with increasing age after this 
(Berg et al., 2000; Ferguson, Wells & Williams, 2000).  In addition, the Australian 
Standard for child restraints suitable for children from birth up to around 3½-4 years old 
is very stringent and applies in all states: rear facing infant restraints, forward facing 
child seats, and convertible seats must all have internal 6-point harnesses and be 
anchored with a top tether attached to an anchor bolt (Standards Australia, 2004).  The 
top tether requirement means that to use these restraints in a legal fashion, children must 
be seated in the rear seat.   
The differences noted above raise the question of whether the calculations based 
on US figures are equally applicable to Australia.  To examine this, we used data drawn 
from crash records collected by police in the state of Victoria, Australia, from 1993 to 
2004 to compare the relative risks of death or serious injury for child car passengers 
under 13 years of age by seating position and restraint use.  As the Australian Road 
Rules for the restraint of children are currently under review, the study is also timely in 
that it may inform this review. 
 
2. Methods 
Traffic injury files from the Victorian authorities were supplied in two periods, 
1993-1998 and 1999-2004, and three areas, Metropolitan Melbourne (M), provincial 
cities (P) and rural (“Rest of Victoria”, R), making six separate files in all.  These files 
contained information from police on all occupants of vehicles involved in a traffic 
crash in which an injury occurred.  For the purposes of this study, only sedans and 
station wagons were included.  Where the quantity of data sufficed, a stratified analysis 
 6 
across the 6 period by region data sets was performed.  Where data were sparse, certain 
data sets were combined.  
For the main analyses, three outcomes are recognized: Serious i.e. fatal or 
hospitalized, Minor, and Uninjured.  Age classes were as follows: 0 – 3 years (further 
subdivided for some analyses into < 1 year (“ 0”), and 1 – 3 years ), 4 - 7 years and 8 – 
12 years.  An analysis of fatal injuries is reported separately. 
Results on seating position are presented in terms of relative risks (RR) of 
serious and of minor injuries, with confidence intervals, in children seated in the front 
seat of the vehicle compared with those seated in the rear.  The category, “Other Rear” 
had too little data for separate analysis and did not differ noticeably from the rear seat 
category in respect of proportions of serious and minor injuries; it was therefore 
included in the latter.  Relative risks of serious and minor injury were jointly estimated 
across the 6 data sets by maximum likelihood.  Statistical tests and confidence intervals 
are calculated from the logarithms of the RRs.  Analysis was performed separately 
among children who were reported as being restrained, either by “seat belt” or “child 
restraint”, and among those either unrestrained or of unknown restraint status.  In the 
youngest age subgroup (< 1 year) it was necessary to combine the provincial city data 
with the rural data.  An analysis of risks associated with being seated in the centre rear 
seat as opposed to the outboard rear seats was also performed among restrained 
children. 
Restraint use was categorized in the data as , “seat belt worn”  or “child restraint 
worn”. This categorization has apparently not been updated since the 1960s and is not 
specific enough for detailed analysis.  Most analyses compared restraint use with no 
restraint, i.e. the categories, “seat belt not worn”, “child restraint not worn” and “not 
fitted”.  For children seated in rear seats (including “other rear” seats) numbers were 
adequate for estimation of relative risks over the six period-area groups, while for  
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children seated in the front seat, the sparse provincial and rural categories were 
combined.  
In the case of fatalities, which constitute less than one percent of children, 
logistic regression analysis was used to examine the joint effects of age, seating position 
and restraint use.  For such rare events, estimated odds ratios from logistic regression 
are equivalent to relative risks.  Two strata were considered, Metropolitan plus 
Provincial, and Rural.  There was a relatively high proportion of the fatal cases for 
which either seating position or restraint use was unknown (39/102) in the official data.  
To address this, we cross matched cases with missing data with the more detailed 
information on such cases available from the National Coroner’s Information System 
(NCIS) from 2000-2004 (and kindly supplied to us by the Australian Pediatric 
Surveillance Unit).  This allowed for identification of the restraint use of 10 further 
cases.   
 
3. Results 
Overall the files contained information on 30 631 children under 13 years old, 9 
562 aged 0 to 3 years, 9 614 aged 4 to 7 years and 11 455 aged 8 to 12 years; 71% were 
in the metropolitan region, 12% in provincial towns and 17% in the rest of the State.  
There was a 6.0% decrease in the total number of children in the files from the first to 
the second period with a 20% decrease in the rural region, a 1% increase in provincial 
towns and 3% fewer in the Melbourne Metropolitan region.  One hundred and two 
children (0.3%) were fatally injured, 1 650 (5.4%) reported as hospitalized, giving 1 752 
in the Serious category, and 8 769 (28.6%) reported as suffering minor injuries. 
In total, 20.6% of child vehicle occupants were reported to be seated in the front, 
while in 6.0% of instances, seating position was unreported.  As could be anticipated, 
the proportion in front seats rose with age, from 3.6% in children under one year of age 
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to 36.0% in children aged from 8 to 12 years, whereas the proportion of unknowns was 
much the same in all age groups.  
In terms of restraint use, 28 168 children (92.0%) were reported as restrained in 
some fashion, 25 931 (84.7%) by seat belts and 2 237 (7.3%) in child restraints.  The 
percentage reportedly wearing seat belts rose from 74.0% in the youngest age group to 
about 90% in the two older age groups.  Child restraints were reported as being used by 
1 743 (18.2%), 456 (4.7%) and 38 (0.3%) children in the three age groups respectively. 
Only 307 children (1.0%) were recorded as not wearing fitted restraints and a further 90 
cases (0.3%) were categorized as “seatbelt not fitted”, with little variation by age in 
either category.  However in 2 066 instances (6.7%), restraint use was not recorded, the 
proportion being very similar in all age groups. 
 
3.1 Seating position 
The estimated risk of serious injury among restrained children under 4 years old 
sitting in the front seat was almost 60% higher (RR = 1.59) than those seated in the rear 
(Table 1).  For minor injuries the risk was estimated as 35% higher (RR = 1.35).  
Among children not reported as restrained the risk of serious injury in the front seating 
position was approximately two and a half times that in rear seats, while for minor 
injury it was 34% higher (RR = 1.34).  This age group can usefully be broken down into 
children under one year of age and children aged 1 to 3 years, at least among restrained 
children.  Among children aged under one year, the risks of serious and minor injury 
associated with being in the front seat are estimated to be 228% and 44% higher than 
those associated with rear seating, respectively (RRs = 3.28, 1.44); among those 
between one and three years of age, the corresponding risks are 39% and 36% greater, 
respectively (Table 1; RRs = 1.39, 1.36).  The differences between the relative risks in 
 9 
children aged under one year and in those aged from one to three years are statistically 
significant for serious injury but not for minor injury.   
For older children the relative risks associated with sitting in the front seat were 
all close to unity for both injury levels, whether children were reported as restrained or 
not (Table 1).  In the case of minor injury the relative risks (1.12 in the 4 to 7 age group 
and 1.07 in the 8 to 12 age group) are significantly elevated from a statistical point of 
view due to the large numbers of children involved. 
There was a non-significant 24% lower risk of serious injury among restrained 
children under one year of age seated in the centre rear seat relative to those seated in 
the two outboard rear seats; in all other categories of age and injury severity, relative 
risks were close to 1.0.  This finding probably reflects the pattern of placing appropriate 
restraints for the very young in the centre rear position. 
 
3.2 Restraint use  
Children seated in the rear: in the case of serious injury, the relative risks ranged 
from 2.49 among children aged 8 to 12 years to 3.65 among children aged 4 to 7 years 
(Table 2).  Combining these three estimates gives a weighted average relative risk of 
3.05 with a 95% confidence interval of 2.49 to 3.74.  On the other hand, for minor 
injuries the risks were 65% higher in the youngest age group, but dropped to 30% 
higher in children aged 4 to 7 years and 20% higher in the oldest age group (Table 2).  
However a test for homogeneity was not significant.  The weighted average relative risk 
in this instance is 1.35 (95% CI 1.18 – 1.53). 
Children in the front seat: there were only 96 unrestrained children seated in the 
front, 31, 25 and 40 in the three age groups respectively.  For serious injury, relative 
risks ranged from 3.32 among children under 4 years to 4.31in the middle age group 
(Table 2), with a weighted average of 3.69 (95% CI 2.68– 5.08).  This is slightly larger 
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than the mean RR estimated for children in the rear seat, but the difference does not 
approach statistical significance.  For minor injury, the relative risks ranged from 1.18 
to 1.40 with no apparent trend by age (Table 2), and the weighted mean was 1.28 (95% 
CI 1.02 – 1.61), little different to the corresponding estimate among children in the rear 
seats.  
The increased risks associated with non use of restraints and front seating appear 
to be at least multiplicative: the risks of serious injury in children seated without 
restraints in the front seat relative to children restrained in the rear seat were 9.94 (95% 
CI  5.89 – 16.77) in those aged under four years, 6.87 (95% CI  3.86 – 12.23) in those 
aged 4 to 7 years and 2.96 (95% CI  1.83 – 4.78) in the oldest age group. 
 
3.3 Fatalities 
There were 102 fatal injuries among these children, a rate of 3.3 per thousand.  
Six of these were reported as unrestrained, although 28 were of unknown restraint 
status.  Among unrestrained children the fatality rate was 15.1 per thousand and 13.6 
per thousand if restraint status was unreported, compared to 2.4 per thousand in 
restrained children.  The difference between the  restrained and the other two categories 
is statistically highly significant. 
The fatality rate was similar across all age groups bar the youngest subgroup, 
being 8.5, 3.0, 3.0 and 2.9 per thousand among children aged under 1 year of age, 1 to 3 
years, 4 to 7 years and 8 to 12 years, respectively.  Among children seated in the front 
seat the fatality rate was somewhat greater (4.6 per thousand) than among children 
seated in the rear (2.7 per thousand), while for children whose seating position was 
unrecorded the fatality rate was 6.5 per thousand.  These differences were statistically 
highly significant. 
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Large differences were evident between regions: in the Metropolitan area 44 
fatalities occurred among 21 674 children (2.0 per thousand) and 5 among 3 792 
children in provincial towns (1.3 per thousand) as against 53 fatalities among 5 165 
child passengers in rural Victoria (10.3 per thousand), a highly significant result (p < 
0.001).  In the case of hospitalized injuries the same ordering was observed, the rates 
being 4.5%, 2.8% and 11.0% in Metropolitan, provincial and rural regions respectively.  
There was less difference in the case of minor injuries, with corresponding rates of 
27.0%, 28.1% and 35.7 %. 
Since there were too few fatalities in provincial cities to form a separate stratum 
in the logistic regression analysis, this region was combined with the metropolitan 
region, their fatality rates being more similar than the rate in the rural region.  Age, 
restraint use and seating position were considered jointly.  Results are given in Table 3.  
Almost all the children whose seating position was unrecorded were also in the 
unknown restraint category, which accounts for the reduced multivariate rate ratio 
associated with unrecorded seating compared to the crude ratio.  Otherwise the 
multivariate relative risks are of the same order of magnitude as the crude relative risks, 
although somewhat higher for front seating and age under one and under four years.   
 
4. Discussion 
Our analysis has shown that in the event of a traffic crash, being in the front seat 
more than doubles the risk of fatality for children aged 0-12 years and being 
unrestrained increases fatality risk four-fold.  These results are consistent with US data 
reported by Braver et al., (1998), Smith and Cummings (1996) and others.   
The results of our analysis of the effect of seating position on serious injury risk 
were more complex.  Front seating was associated with a 60% higher risk of serious 
injury for children aged under four years, even if restrained, a result similar to Braver et 
 12 
al., (1998), where relative risk of death for 1-4 years olds was reported as 1.7.  
However, our results may be an underestimate, since if one includes children whose 
restraint status is unreported, the estimate of increased risk rises to 80%.  In this age 
group there is a 35% higher risk of minor injury.  For children aged under one year 
there is a three-fold higher risk of serious injury associated with front seating.   
Yet we found no significant effect of seating position for children older than 
three years: the risk of serious or minor injury in the front seat showed little or no 
increase relative to rear seating.  This finding is at variance with reports from US 
researchers using similar methods (eg. Braver et al, 1998; Berg et al., 2000; Durbin et 
al., 2005).  The lack of significant effects for older children was not a consequence of 
fewer older children: there were similar numbers of children aged 0-3 and 4-7 and even 
more in the 8-12 age group, and higher proportions of older children were seated in the 
front.   
Several characteristics of our data may have contributed to an attenuation of the 
observed risks of serious injury associated with front seating.  As mentioned earlier, 
unlike in the US studies, most vehicles in this study were not equipped with passenger 
front airbags.  Braver et al., (1998) found that the relative risk of front seating was lower 
in vehicles without passenger front airbags.  Secondly, the crashes in our data set were 
mostly less severe than in many of the US studies, with only 0.3% of children being 
fatally injured.  The less severe crashes are likely to contain many more rear-end 
crashes in which rear seating may actually increase injury risk (Braver et al., 1998).  
Thirdly, serious injury was coded by police and in many instances the injured person 
may not have been admitted to hospital.  The relatively low severity of many of the 
outcomes coded as serious injury in the data may have mitigated against the detection of 
a reduction in serious injury. 
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Notwithstanding the above, the results further confirm the dangers of lack of use 
of restraints for children of all ages.  For serious injury, the risks for unrestrained 
children were three to four times those for restrained children whether in the front or 
rear seats, and 35% to 40% higher for minor injury.  It also appears that the relative 
risks associated with front seating and lack of restraint use are multiplicative.   
Our findings that 92% of children were restrained in some fashion, and that 
around 21% were seated in the front seat is consistent with some Australian studies, 
albeit using differing methodologies (eg. Brown et al., 2005; Edwards, Anderson & 
Hutchinson, 2006) and with the recent study by Durbin et al., (2005).   
While other studies have provided calculations both of the proportion of 
appropriately restrained children and of the relative safety of different restraint status 
types (eg. Berg, et al., 2000; Brown, et al., 2005; Durbin, et al., 2005), our data does not 
lend itself to doing so: the classification used in these data – “seatbelt” or “child 
restraint” - is insufficiently precise to allow comment.  
As in any data-set collected for purposes other than research, there may be 
potential sources of bias and imprecision to be taken into account.  One problem with 
the data analyzed here is that they are given in terms of individual vehicle occupants 
rather than individual crashes: the ages, seating positions and restraint types of the 
occupants of individual vehicles are unknown.  Moreover, other than severity class, we 
have no information about the nature or other characteristics of any crash.  It is 
reasonable to assume that for a given age, seating position and restraint use, the 
probability of being injured in a crash depends on vehicle and crash characteristics, and 
that, given the latter, the probability of one occupant being injured is largely 
independent of the probability of injury to another occupant.  This implies that estimates 
of relative risk should not be biased to any important extent.  However, it is possible 
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that standard errors may be under-estimated since the individual crash component of 
variability has been omitted. 
There is also the possibility that vehicle occupants may not be all noted in every 
case, particularly uninjured children who may have exited the vehicle before the arrival 
of police personnel.  The extent of such under-reporting is unknown but is unlikely to 
be strongly dependent on seating position or restraint use. 
On the other hand, the estimated relative risk of front seating in children under 4 
years of age could conceivably be inflated if drivers who elected to place small children 
on the front seat were also involved in more serious crashes due, perhaps, to a less 
concerned attitude about road safety (an issue raised by Braver et al., 1998).  To 
examine this proposition the distribution of crash severity among uninjured children 
under four years seated in the front was compared with the distribution among uninjured 
children in this age range seated in the rear, aggregated across the three regions using 
the Mantel-Haenszel procedure.  There was no evidence of a difference in severity 
distributions between front and rear seating positions (χ2 = 0.49, 1 df, p=0.49).  No 
uninjured child under 4 years (of 287) seated in front was involved in a crash resulting 
in a death as against 55 of 6 479 (0.8%) seated in the rear. 
Moreover, the proportions of children reported as seated in the front seat in a 
state-wide observational survey carried out in Victoria in 1994 (ARUP, 1995) are very 
similar to those in the police data set for the years 1993 to 1995.  The survey noted 
4.5% of children aged under four years, 17.1 % of children aged 4 to 7 years and 31.7% 
of children aged 8 to 12 years were in the front seat as against 4.4%, 15.9% and 33.9% 
respectively in the police data set.  This similarity suggests that there is no serious 
source of bias in the latter with respect to seating position. 
Similarly, there is little difference in the distribution of crash severity by 
reported restraint use among uninjured children in any of the age groups. 
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Our results suggest that children under 4 years old are at much greater risk of 
death or serious injury when they travel in the front seats of vehicles than if they are 
placed in the rear seat.  For several reasons discussed earlier, we cannot state 
unequivocally that US based studies are directly comparable to Australia, though we 
would suspect that the similarities we have found indicate that they can.  We would 
recommend mandating the rear seat for children under 12 years old, particularly those 
aged 4 years and under. 
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Table 1   
Maximum likelihood estimates of relative risk (RR) of serious and minor injury, with 
95% confidence intervals (95% CI), associated with seating position by age, aggregated 
across strata of region and period. 
 Serious injury Minor injury 
 RR 95% CI RR 95% CI 
Restrained children     
Rear * 1.0  1.0  
Front     
0 – 3 years 1.59 1.10 – 2.28 1.35 1.17 – 1.60 
4 – 7 years 1.10 0.90 – 1.34 1.12 1.05 – 1.20 
8 – 12 years 0.93 0.82 – 1.05 1.07 1.03 – 1.12 
< 1 year 3.28 1.67 – 6.45 1.44 0.94 – 2.21 
1 – 3 years 1.39 0.91 – 2.14 1.36 1.15 – 1.60 
No or unknown 
restraint 
    
Rear * 1.0  1.0  
Front     
0 – 3 years 2.70 1.68 – 4.33 1.34 0.86 – 2.07 
4 – 7 years 1.26 0.76 – 2.08 1.08 0.79 – 1.48 
8 – 12 years 1.06 0.73 – 1.55 1.05 0.84 – 1.31 
*Reference category. 
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Table 2 
Maximum likelihood estimates of relative risk (RR) of serious and minor injury, with 
95% confidence intervals (95% CI), associated with restraint use by age, aggregated 
across strata of region and period. 
 
 
Serious injury Minor injury 
 RR 95% CI RR 95% CI 
Rear seating 
 
    
Restrained* 1.0  1.0  
No restraint     
0 – 3 years 3.21 2.09 – 4.93 1.65 1.29 – 2.11 
4 – 7 years 3.65 2.63 - 5.07 1.30 1.04 – 1.62 
8 – 12 years  2.49 1.79 – 3.45 1.20 0.98 – 1.48 
Front seating 
    
Restrained* 1.0  1.0  
No restraint 
 
    
0 – 3 years 3.32 1.83–  6.00 1.35 0.84 – 2.16 
4 – 7 years 4.31 2.35 – 7.91 1.40 0.95 – 2.08 
8 – 12 years 3.57 2.18 – 5.86 1.18 0.85 – 1.64 
*Reference category.
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Table 3.  
Relative risks (RR) of fatal injury in children with 95% confidence intervals (95% CI) 
derived from multiple logistic regression analysis.  Crude relative risks given for 
comparison. 
 
Crude RR RR 95% CI 
Factor    
Seating position    
Rear* 1.0 1.0  
Front 1.7 2.3 1.4 – 3.7 
Unknown 2.4 1.0 0.5 – 2.1 
    
Restraint    
“Seatbelt” or Child restraint* 1.0 1.0  
None 6.3 5.4 2.3 – 12.6 
Unknown 5.6 6.9 4.2 – 11.4 
    
Age    
0 – 3 years 1.5 2.0 1.2 – 3.2 
4 – 7 years 1.0 1.2 0.7 – 2.0 
8 – 12 years* 1.0 1.0  
    
< 1 year 2.9 3.8 2.2 – 6.7 
*Reference category. 
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